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Abstract: Caries development is determined by a balance of protective and pathological factors, so the clinician should be able to 
identify and document those factors, understand their relative weight in disease development or reversal, and make recommenda-
tions to patients that will lead to risk reduction. The caries management by risk assessment (CAMBRA) protocol frames these 
factors into an easy-to-follow template that also guides the clinician in making recommendations. The purposes of this study 
were to examine implementation of the CAMBRA-based risk assessment program in a predoctoral clinic at one dental school, 
assess the accuracy of caries risk evaluation by the students, and evaluate the utilization of professionally applied luoride varnish 
in a moderate- and high-risk patient cohort. After dental clinic patients were screened for previous caries risk status, sixty-eight 
moderate- or high-risk patients were invited to participate in the study. At the study visit that included four bite-wing radiographs, 
a new caries risk assessment (CRA) form was completed. Our results showed that students underestimated the risk in 25 percent 
of the cases; the underestimation occurred especially when visible cavitation or caries into dentin by radiograph was the only 
risk factor or when caries were not identiied at the initial visit when the CRA form was completed for the irst time despite the 
presence of other high-risk factors. Students also underestimated both risk and protective factors at the initial evaluation visit 
compared with the study visit. The results show that students were not rigorous enough in documenting these factors and deter-
mining the patient’s risk. In order to increase the sensitivity of risk assessment, training and recalibration for students and faculty 
members should be an ongoing process.
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The value of prevention is widely recognized by the dental profession, and teaching this topic has become a foundational principle and 
integral part of predoctoral dental curricula.1 While 
the basic scientiic principles that lead to understand-
ing oral disease development have been identiied, 
translation of these principles into practice may pose 
signiicant challenges during students’ training and in 
practice. Since 1995, risk-based prevention of dental 
caries has been promoted,2 and algorithms aimed at 
helping clinicians determine a patient’s risk level 
have been developed.3
One study found that clinical protocols for 
caries risk assessment and prevention can be imple-
mented in dental education and that students feel 
training and practice of caries prevention should 
be increased.4 A recent survey of North American 
dental schools found that caries risk assessment 
has been incorporated into clinical caries manage-
ment curricula in 68 percent of those institutions.5,6
Despite signiicant progress toward developing and 
implementing evidence-based caries risk assessment 
and management programs in U.S. dental schools, 
however, wide variations in interpretation and ap-
plication of these programs exist.7
Tools for caries risk assessment have been 
tested in educational settings, with varying results. 
Only 45 percent of the students in one study agreed 
that the Cariogram tool developed in Sweden was 
easy to understand, and only 36 percent agreed it 
was easy to apply; 82 percent said they will not use 
this tool in clinical practice.8 Another study found 
that only 60 percent of full-time and 33 percent of 
part-time faculty members were knowledgeable 
about Cariogram use.9 In contrast, most students in 
another study agreed that the caries-risk assessment 
tool (CAT) developed by the American Academy 
of Pediatric Dentistry10 was useful for determining 
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preventive procedures, and 80 percent indicated they 
were likely to use it in clinical practice.11 Another 
tool (the International Caries Detection and Assess-
ment System, ICDAS)12 was found to improve the 
diagnostic skills of students when they tried to detect 
occlusal carious lesions.13 
The concept of caries management by risk 
assessment (CAMBRA) was developed by a con-
sortium of dental-related organizations.14 Guidelines 
for clinical implementation of risk determination and 
for therapeutic recommendations driven by risk were 
published in three articles.15-17 Since caries develop-
ment is determined by a balance of protective and 
pathological factors,18 the clinician should be able to 
identify and document these factors, understand their 
relative weight in disease development or reversal, 
and provide recommendations to patients that will 
lead to risk reduction. The CAMBRA protocol aims 
to frame these factors into an easy-to-follow tem-
plate14,15 that will also guide the clinician in making 
recommendations to patients.16,17 
Although many dental schools have embraced 
the CAMBRA concept, integrating it into dental 
education is not without challenges. Students have 
reported limited conidence in using the protocol 
with children younger than five years;6 training 
and calibrating students and faculty members are 
dificult;19 risk assessment factors are dependent 
on the caries prevalence of the population;19-21 and 
reimbursement for CAMBRA-related procedures is 
low or nonexistent.22 Many dental schools provide 
access to care to underserved, low socioeconomic 
populations, and prevention costs generated by car-
ies risk assessments can reach an annual amount up 
to $1,117 for a high-risk patient.23 Because caries is 
more prevalent in lower socioeconomic groups,24,25
the increased prevention costs pose another hurdle 
in implementing these protocols in educational and 
other institutions that provide care for these patients.
The concept of caries risk assessment and 
prevention has also not been fully adopted in gen-
eral practice. The majority of dentists surveyed in a 
U.S. dental network reported performing caries risk 
assessment (CRA) for children, but only 14 percent 
reported assessing risk using a special form.26 Only 
69 percent of the network dentists evaluated adult 
patients with CRA, and only 57 percent of these 
patients received individualized caries prevention.27
Another survey in the United States found that 72 
percent of the responding dentists performed some 
type of risk assessment, but only 27 percent docu-
mented the outcome and only 51 percent provided a 
management plan based on the patient’s risk status.3
It is clear that enhancing caries prevention education 
in predoctoral curricula will have a larger effect on 
the profession as the graduates join residencies and 
practices. 
A CAMBRA-based CRA program has been 
gradually implemented since 2008 as part of the 
didactic and clinical curriculum at Case Western 
Reserve University School of Dental Medicine. The 
clinical use of a standardized form to characterize a 
patient’s risk for caries helps the faculty and students 
to determine individualized preventive therapeutic 
intervention as part of the treatment planning process. 
The purposes of this study were to examine the imple-
mentation of the CAMBRA-based risk assessment 
program in the predoctoral clinic, assess the accuracy 
of caries risk evaluation by students, and evaluate the 
utilization of professionally applied luoride varnish 
in a moderate- and high-risk patient cohort. 
Methods
The faculty adopted a modiied version of the 
CRA form from the American Dental Association 
(ADA).28 The form (Figures 1 and 2) includes a list 
of caries risk and protective factors, instructions 
that help determine the risks, and caries preventive 
recommendations aligned with the CAMBRA pro-
tocol.15-17 Students are required to complete the CRA 
form as a baseline for their patients before starting 
treatment. Fluoride varnish is indicated according 
to patient risk as described on the form. Students 
are trained regarding CRA in the second year in 
classroom lectures and in the clinic with families of 
patients for whom they have to assess risk. Additional 
training is provided during clinical orientation at the 
beginning of the junior year. Faculty members who 
supervise determination of patients’ caries risk status 
(CRS) as part of the comprehensive care predoctoral 
clinic receive periodic in-house training in depart-
mental seminars. 
For this study, initial CRA forms were com-
pleted by all junior and senior students for their as-
signed patients between July 2008 and May 2010, and 
each patient’s CRS and luoride varnish receipt were 
entered into the patient’s electronic dental record. The 
appointment during which the form was completed 
for the irst time as part of the standard patient evalu-
ation in the comprehensive care predoctoral clinic 
was denoted the “initial visit.” Over a two-month 
period (June-July 2010), consecutively scheduled 
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Figure 1. First page of the CRA form
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Figure 2. Second page of the CRA form
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CRA), it became apparent that the information on 
the CRA forms was not used as intended to produce 
an accurate initial CRS. When the CRA form algo-
rithm was correctly reapplied to the available data 
on the forms, 25 percent (17/68) of the initial CRS 
were recategorized as high from the initial moder-
ate category. Underestimates occurred most often 
when caries were not identiied at the initial visit or 
when current caries was the only high-risk factor 
(Figure 3). Following the results of reapplying the 
CRA algorithm on the initial CRA forms, it was de-
termined that the moderate-risk group was too small 
(eight patients) compared with the high-risk group 
(sixty patients); therefore, we decided to reclassify 
the patients for statistical analysis according to their 
detectable caries status at the study visit (Table 1). 
High-risk, moderate-risk, and protective fac-
tors at the study visit are summarized in Figures 4, 
5, and 6. The red columns denote patients who had 
detectable caries in dentin at the study visit (Caries+), 
whereas the blue columns represent patients without 
detectable caries in dentin at the study visit (Caries-). 
Comparing the different factors for the Caries+ and 
Caries- groups using the Mann-Whitney test showed 
that the single statistically signiicant difference 
was the presence of interproximal incipient lesions/
radiolucencies conined to enamel that were more 
prevalent in the Caries+ group (Figure 5).
The risk and protective factors documented at 
the initial and study visits were compared for the total 
pool of patients, stratifying the pool by patients who 
received luoride varnish (FV+) or did not receive 
luoride varnish (FV-) after the initial evaluation 
and also stratiied by  detectable caries at study visit 
(Caries+ vs. Caries- groups). The results showed that, 
in almost all categories, the students’ documentation 
on the initial CRA forms underestimated both risk 
and protective factors compared with the number 
of factors identiied during the study visit (Table 
2). Between the initial visit and the study visit, the 
number of risk factors documented increased, regard-
less of luoride varnish application or the presence of 
patients in the predoctoral clinic were screened for 
previous caries risk status in their dental record, and 
only moderate- or high-risk patients (as determined 
at the initial visit) were invited to participate in the 
study. The CRA forms illed out at the initial visit 
by the students assigned to provide comprehensive 
treatment were reassessed, and the CRS was recorded 
in a database. These forms were reevaluated by one 
of the authors (STT) after the patients were enrolled 
in the study, and the CRS was redetermined based 
on the risk factors mentioned on the form. 
The visit during which the patients were en-
rolled is called in this article the “study visit.” At 
the study visit, which included four bite-wing ra-
diographs, a new CRA form was completed by two 
sophomore students under the supervision of two 
faculty members (STT and WAR). Following com-
pletion of the CRA forms, the CRS was determined 
by one of the authors (STT). Unpaired comparisons 
between groups were tested using the Mann-Whitney 
or Student’s t-test; paired comparisons were tested 
using the Wilcoxen signed-rank test. The level of 
signiicance for all testing was α=0.05. The study 
protocol was approved by the university’s Institu-
tional Review Board; patients signed an informed 
consent to participate in the study.
Results
Sixty-eight patients with at least moderate car-
ies risk were enrolled in the study for assessment of 
their follow-up CRA. Enrolled patients were at least 
eighteen years of age, averaging 57.7 years (Table 
1). The study visit occurred on average 12.2 months 
after the initial visit (SD=8.1 months). Only thirty 
patients out of sixty-eight enrolled (44.1 percent) 
received luoride varnish, despite the fact that our 
protocol requires that all moderate-risk and high-risk 
patients receive it.
After we reviewed the CRA forms completed 
at the initial visit by the student dentists (initial 
Table 1. Study participant groups by detectable caries at study visit
Characteristic Caries + Caries - Total
Subjects 29 39 68
Females (%) 16 (55.2%) 20 (51.3%) 36 (52.9%)
Months between initial visit and study visit (mean, sd) 11.5 (8.7) 12.7 (7.7) 12.2 (8.1)
Age (mean, sd) 57.9 (14.8) 57.6 (14.4) 57.7 (14.5)
Fluoride varnish 13 (44.8%) 17 (43.6%) 30 (44.1%)
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implemented,1 integration of caries risk determination 
and prevention strategies in dental curricula provide 
opportunities to translate scientiic evidence into bet-
ter patient care. Our results show that students incor-
rectly used the risk assessment algorithm on the CRA 
form and underestimated the risk in 25 percent of the 
cases. The underestimation occurred especially when 
“visible cavitation or caries into dentin by radiograph” 
was the only risk factor or when caries were not iden-
tiied at the initial visit, despite the presence of other 
high-risk factors. This inding is of special interest 
because visible cavitation has been reported as one 
parameter that is an obvious sign of high caries risk.19
detectable caries at the study visit. The same trend 
also was observed for a number of protective factors, 
except for the group that received luoride varnish. 
The consistent increase in protective and risk factors 
was observed regardless of how patients were strati-
ied, i.e., presence or absence of prior luoride varnish 
and presence or absence of caries at the study visit. 
Discussion
While current evidence suggests that the 
paradigm shift to prevention has not been universally 
Figure 3. Faculty review of CRA forms from initial visit and reclassification of patients’ caries risk status
Figure 4. Prevalence of high-risk factors at study visit, by detectable caries on study day
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Figure 5. Prevalence of moderate-risk factors at study visit, by detectable caries on study day (red star denotes signifi-
cance, p<0.05)
Figure 6. Prevalence of protective factors at study visit, by detectable caries on study day
Previous studies have analyzed how dental stu-
dents perform risk assessments and how practitioners 
use these tools in practice, and the general consensus 
is that incorporating risk assessment protocols such 
as CAMBRA into predoctoral curricula is not with-
out challenges.6,7,19,22 The same conclusion can be 
reached regarding the use of caries risk assessment 
and prevention techniques in practice.3,26,27
The irst step that determines risk evaluation is 
identifying the risk and protective factors; to the best 
of our knowledge, no one has previously reported the 
accuracy of dental students in performing this task. 
One study19 that enrolled eighty-nine patients who 
had a follow-up CRA (mean time after baseline=14 
months, SD=4.5 months) described only the possible 
association between different risk factors at the initial 
visit and presence of caries at the follow-up visit.
When we analyzed the relation of risk and 
protective factors at the study visit to the presence or 
absence of caries in dentin, our results showed that 
only incipient interproximal enamel lesions/radio-
lucencies were related to the presence of in-dentin 
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complete absence of exposure to luoride makes only 
a minor contribution to increasing the risk. In order 
to be classiied as high risk according to the ADA 
form, a patient has to accumulate ten risk points; the 
absence of luoride exposure will contribute only one 
point. Use of luorides has also been listed by dentists 
as one of the less inluential caries-risk factors for 
treatment planning.27
It is of interest that the ADA form does not 
include use of Xylitol and/or Chlorhexidine in the 
protective factors category; this contradicts the guide-
lines for CAMBRA16-18 but is aligned with other stud-
ies that showed these materials having only marginal 
or insigniicant value for caries risk reduction.4,19,29-31
Despite the ambiguity of the value of using Xylitol 
and Chlorhexidine, 73 percent of North American 
dental schools (including ours) still instruct patients 
to use antibacterials as a strategy for caries preven-
tion.5 We suggest that, in light of the new evidence 
for the use of nonluoride caries-preventive agents,31
the clinic protocols should be reviewed.
Our results show that no protective factor 
(luoride, Xylitol, or Chlorhexidine) was related to 
the presence of caries at the study visit. Stratifying 
the patient pool either by exposure to luoride varnish 
application before the study visit or by presence of 
caries at the study visit showed a similar pattern of 
risk and protective factors underestimation by dental 
students at the initial CRA visit. 
According to our protocol as relected by the 
CRA form, all sixty-eight enrolled patients were 
supposed to receive luoride varnish following their 
caries. This moderate-risk factor has been reported 
by others to have the highest odds ratio (OR=13.55) 
for the presence of in-dentin caries, even more so 
than factors classiied in the high-risk category that 
have odds ratios between 0.99 to 2.75.19 This inding 
is easy to interpret because incipient interproximal 
lesions usually denote that the patient presents with 
previous caries activity that has been found to be 
correlated with development of future lesions.3
In our study, the fact that students underesti-
mated both risk and protective factors at the initial 
visit compared with the study visit is of signiicance: 
the results show that students are not rigorous enough 
in documenting these factors and in determining 
the patient’s risk. This concern is ampliied by the 
fact that, at our dental school, the faculty member 
conirms the risk determination after reviewing the 
form with the patient and the student. These results 
suggest that further effort should be made to calibrate 
both students and faculty members and to identify 
the reasons why the risk factors are underestimated 
rather than overestimated, leading to a lower risk 
determination. One explanation may be that, on our 
risk assessment form, mentioning protective factors 
in a separate category may overemphasize their 
importance, so that students incorporate these protec-
tive factors in the risk-determination algorithm. In 
addition, the complexity of the form and the caries 
risk determination algorithm may pose challenges 
to both students and faculty members in the clinic.
The ADA’s risk assessment form28
 mentions 
only luoride exposure as a protective factor, and even 
Table 2. Mean number of risk and protective factors determined at initial CRA and at study visit, stratified by fluoride 
varnish (FV) receipt and detectable caries at study visit
    Participants  
  All FV +  FV –  Caries +  Caries -  
Mean Number of Factors  N=68 N=30 N=38 N=29 N=38
High-risk factors Initial 2.5 2.7 2.4 2.7 2.4
 Study 3.3 3.2 3.3 3.7 2.9
 p-value* <0.001 0.052 0.001 0.03 0.027
All risk factors Initial 3.5 3.6 3.5 3.2 3.2
 Study 4.6 4.5 4.6 4.2 4.2
 p-value* <0.001 0.025 0.001 0.002 0.002
All protective factors Initial 2.8 3 2.6 2.7 2.7
 Study 3.7 3.4 3.2 3.3 3.3
 p-value* <0.001 0.103 0.012 0.012 0.012
*p-value determined by Wilcoxen signed-rank test.
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